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stable line in screening compounds. 
Summary. Of 3 tissue culture systems 

tested, namely, Rabbit Testicular, Primary 
Rabbit Kidney, and RK13, the latter proved 
to be the most satisfactory for testing of 
inhibition of myxoma and fibroma viruses. 
Plaque formations by both viruses were com- 
pletely or partially inhibited by compounds 
in the following order of effectiveness: CA, 
IUDR, AZUR, Methotrexate, BUDR, TA, 
NMITC, FU, FUDR. 6-MP and HBB ex- 
hibited moderate inhibition of myxoma virus, 
and weak variable inhibition of fibroma virus. 

The effective compounds were not virucidal 
and did not prevent adsorption of virus to 
cells. 

1. Thompson, R. L., Chemoprophylaxis and Chem- 
otherapy of Viral Diseases, Advances in Chemo- 
therapy, 1964, v l .  

2 .  Scbwerd't, P. R., Schwerdt, C. E., Proc. SOC. 
Exp. Biol. and Med., 1962, v109, 717 .  

3. Abstracts of Publications on Viral Chemother- 
apy, M.S. Fish for the Virology Research Resources 
Branch, NIH, NCI, Dept. HEW. 

4. Rapp, F., J.  Immunol., 1964, v93, 643. 

Received July 2 ,  1965. P.S.E.B.M., 1965, v120. 

Erythrolpoiesis During Pregnancy and Lactation. I. Effect of Various 
Hormones on Erythropoieds During Lactation.' (30572) 

JOANNE H. JEPSON AND LOUIS LOWENSTEIN (Introduced by J. S. L. Browne) 
Division of Hematology, Department of Medicine, and the McGill University Clinic, 

Royal Victoria Hospital, Montreal 

Because lactating rats have been found to 
have an increased red cell volume( l ) ,  and 
lactating mouse plasma and prolactin stimu- 
late erythropoiesis( 2), the red cell volume 
(RCV) and plasma erythropoietic activity 
were measured in postpartum lactating and 
nonlactating mice. The effect on the RCV 
of various hormones, known to be active in 
maintenance of lactation, also was studied in 
postpartum nonlactating mice and the eryth- 
ropoietic activities of these hormones were 
assayed in polycythemic mice. 

Materials and methods. Inbred virgin Swiss 
mice with a gestation of 2 0  days were used 
for breeding purposes in these experiments. 
Parturition and day 0 are used interchange- 
ably to designate 0-12 hours after birth. 
Groups of nonlactating mice were obtained by 
removing the newborn during this period. 
The RCV was determined in parturition mice 
and in lactating and nonlactating mice on the 
days shown in Fig. 1. All RCVs were calcu- 
lated from the total blood volume (TBV), 
determined with the I131-tagged albumin dilu- 

*This investigation was supported by a Public 
Health fellowship 2-F3-HE-18,509-02 from Nat. 
Heart Inst. and by Medical Research Council of 
Canada Grant MBA-1664. 

tion technique(3) and from the hematocrit 
corrected for the total body/venous hemato- 
crit ratio(4). The RCV values of normal and 
prolactin treated mice obtained by this meth- 
od closely agreed with those previously ob- 
tained by use of the Cr-51 in vitro tagged 
erythrocyte technique ( 2 ) in normal and pro- 
lactin injected mice. 

Plasma was collected and pooled separately 
from each group of mice shown in Fig. 2 and 
then assayed as previously described in poly- 
cythemic mice( 2 ) ,  using a 72-hour incorpora- 
tion of Fe59 into erythrocytes as a measure 
of erythropoietic activity. 

In a second group of experiments, non-lac- 
tating mice received subcutaneous injections 
of 250 or 500 p g  of prolactint for 15 days. 
Injection of 5 0 0  pug of prolactin was started 
at 0-12, 24-36 and 48-60 hours from par- 
turition in order to determine if other factors 
present in the plasma of early postpartum 
mice enhance or inhibit the response to pro- 
lactin. Starting at 0-12 hours from birth, 
other groups of nonlactating mice were in- 

t We wish to thank the Merck Research Institute, 
West Point, Pa., and Rahway, N .  J., for ovine pro- 
lactin and Dr. E. E. McGarry for making this 
product available. 
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FIG. 1. Comparison of red cell volumes (RCV) and percent reticulocytes of lactating and 

nonlactating postpartum mice. Vertical bar represents mean 2 standard error of each group 
(minimum of 5 mice/group). Lactating mice were weaned on 20th postpclrtum day. Normal 
control = nonpregnant normal female mice. 
FIG. 2. 72-hr incorporation of Fes9 into RBC of polycythemic mice following injection of 

1 ml of pooled plasma collected from each lactating and nonlactating group. Mice were in- 
jected on 4th and 5th posthypoxic days. Vertical bar represents standard error of mean of 
each group (minimum of 5 mice/group). Lactating mice were weaned on 20th postpartum 
day. Normal control = effect of plasma from normal nonpregnant female mice. 
FIG. 3. Comparison of spleen weights ( m g / l O  g body wt) of lactating and nonlactating 

postpartum mice. Each group was composed of a minimum of 6, in most cases 20-25 splenic 
weights. Vertical bar represents mean & standard error. Lactating mice were weaned on 
20th postpartum day. Normal control = normal nonpregnant female mice. 
FIG. 4. Comparison of plasma 17-OH corticoids and protein bound iodine (PBI) of lac- 

tating ( 0 )  and nonlactating (0)postpartum mice. Lactating mice were weaned on 20th post- 
partum day. 

jected with 1-thyroxine and prednisolone ace- 
tate (Pred. Ac.) alone, in combination with 
each other, and in combination with prolactin 
in the doses listed in Table I. 

Determinations of protein bound iodine 
(PBI)S(5) and total plasma 17-OH corti- 
coiclsS(6) were done in duplicate on pooled 
plasma collected from the groups of lactating 
and nonlactating mice at  various intervals 
pos tpar turn. 
- 

S We wish t o  thank Dr. J .  M. MacKenzie, Dr. S. 
Solomon and Dr. E. Venning for protein bound 
iodine and plasma 17-OH corticoids determinations. 

Results. The RCV and reticulocytes of 
lactating mice increased significantly (p < 
.OM) from parturition and achieved peak 
values by the fifth postpartum day (Fig. 1). 
During this period the plasma erythropoietic 
activity of these mice decreased moderately 
from its peak at parturition (Fig. 2). From 
the 5th to the 20th day of lactation the 
RCV and plasma erythropoietic activity main- 
tained a constant and significant elevation as 
compared with the non-pregnant normal 
(p<.OOl) and there was a persistent reticu- 
locytosis (Fig. 1). The lactating mice were 
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TABLE I. Comparison of RCV of Postpartum Nonlactating Mice Receiving Daily Injections 
of Hormones for 15 Days with Those of 15-Day Lactating and Nonlactating Mice Receiving No 

Injections. 

YO Increase of 
RCV over those 
15-day nonlac t a  t- 

RCV, m1/100 g ing mice receiv- 70 Retics. 
Materials injected" (k S.E.) ing no injections (2  S.E.) 

~~ ~~~~ ~ 

15-day nonlactsting t 
15-day lactatingt 
500 pg prolxtin,  

hr from parturition 
( 0-12) 
(24-36) 
(48-60) 

250 pg prolactin 
250 pg prolactin + 50 pg Pred. 

50 Fg Pred. Ac. 

l-thyroxine 

Pred. Ac. 

thyroxine 

Pred. Ac. 

Ac. + 2.5 pg thyroxine 

5.g ( X  7 9 2 . 5 p . g  ( X  8d), 

2-5 pg thyroxine + 50 pg 

250 pg prolactin + 2.5 pg 

250 pg prolactin + 50 pg 

~~ 

3.01 k .04 (8) t 
4.28 k .05 (12) 

4.17 & .07 (10) 
4.39 2 .1 (8) 
4.19 2 .ll (7 )  

4.18 2 .07 (7) 
4.35 2 .ll (7) 

3.08 .07 (9) 
3.42 2 .08 (9) 

2.91 2 .03 (8) 

3.51 2 .06 (7) 

3.79 2 .09 (10) 

- 
42.2 

38.3 
45.8 
39.3 
44.5 
38.9 

2.33 
13.62 

.o 
16.6 

25.9 

1.00 & .23 
4.Q2 .I8 

3.18 -e .22 
2.39 2 .27 
2.70 k .41 
2.30 & .19 
2.17 2 .30 

1.50 2 .32 
1.13 .25 

1.07 2 .12 

1.06 2 .27 

1.40 k .49 

* Nonlactating mice weaned 0-12 hr  from birth unless otherwise noted. 
t Uninjected controls. 
t In parentheses, No. of mice per group. 

weaned on the 20th postpartum day. Four- 
teen days after weaning the RCV had re- 
turned to the nonlactating normal level, the 
reticulocytes had dropped to below the nor- 
mal value and plasma erythropoietic activity 
had disappeared. 

In  nonlactating postpartum mice a rapid 
and significant decrease of the RCV (p< 
.0025) occurred 24 hours after removal of 
the newborn, followed by a more gradual 
decline through the 15th day to the non- 
pregnant normal level; this was associated 
with a drop of reticulocytes to below the level 
of the normal controls by the 5th day (Fig. 
1).  The plasma erythropoietic activity of 
these mice dropped rapidly within 24 hours 
after removal of the newborn and was absent 
by the 3rd postpartum day (Fig. 2). Both 
postpartum groups showed an increase of the 
splenic weights over those of the parturition 
mice (Fig. 3)  which was only significant in 
the nonlactating mice (p<.0025) and paral- 
leled their early postpartum decrease of RCV. 
The plasma 17-OH corticoids and PBI values 
of both groups were similar (Fig. 4). 

The mean RCV of 15-day lactating mice 
was 42% greater than that of the 15-day 
nonlactating mice (Table I). Injection of 
prolactin daily for 15 days into nonlactating 
postpartum mice maintained essentially the 
same increase of RCV as was observed in 
the 15-day lactating mice and starting at  
0-12, 24-36, or 48-60 hours from parturition 
caused no significant variation in the amount 
of increase (Table I ) .  Daily injection of 
250 pg of prolactin produced as great an 
increase of RCV as 5 0 0  pg  daily. Similarly, 
triple injections daily of prolactin, l-thyroxine 
and Pred. Ac. maintained a RCV equivalent 
to that of the 15-day lactating mice (Table 
I), while injections of l-thyroxine and Pred. 
Ac., alone or in combination into nonlactating 
mice, resulted in either a slight or no increase 
of RCV. When prolactin was given in com- 
bination with either of these two hormones 
the erythropoietic stimulating effect was less 
than when prolactin was injected alone 
(Table I ) .  

These hormones were assayed in polycy- 
themic mice (Table 11), both alone and in 
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the same combinations as above. Prolactin 
administration significantly increased the Fe69 
incorporation (p< .001). Fifty micrograms 
of Pred. Ac. and 5 pg of 1-thyroxine, alone 
and in combination, had no effect. Increasing 
the dose of Pred. Ac. to 125 pg produced a 
significant response (p < .OO 1 ) . 1-Thyroxine 

appeared to inhibit the effect of prolactin 
while Pred. Ac. did not enhance or antagonize 
the erythropoietic effect of prolactin. The 
effect of injection of all 3 hormones was not 
significantly different from that of injection 
of prolactin alone. 

Discussion. The increase of RCV and of 
reticulocytes during early lactation was asso- 
ciated with high plasma erythropoietic activ- 
ity. The observed early moderate decline of 
this activity may have been due to increased 
utilization by the bone marrow secondary to 
increased erythropoiesis or to the disappear- 
ance of erythropoietic factor (s) carried over 
from late pregnancy. The latter consideration 
would seem to be relatively unimportant since 
24-36 hours after parturition nonlactating 
plasma contained only 3% activity, hence a 
large portion of the increased erythropoietic 
activity of lactating plasma at this time must 
have come from the postpartum production 
of erythropoietic factor (s) . The biological 
half-life of endogenous erythropoietin activ- 
ity in the rat is 3-5 hours(7) and assuming 
that that of the mouse is similar and that 
lactation is necessary for the continued pro- 
duction of erythropoietic activity postpartum, 
any erythropoietin in the plasma carried over 
from late pregnancy should have disappeared 
in nonlactating mice by 24 hours; this is 
supported by the observed prompt cessation 
of erythropoiesis in these mice. Although the 
plasma 17-OH corticoids and PBI curves 
were similar in both lactating and nonlactat- 
ing mice, the RCV and plasma erythropoietic 
activity of the nonlactating mice declined 
sharply, indicating that in the doses given 
these thyroid and adrenal hormones do not 
play a significant role in the prduction of 
lactational polycythemia. Furthermore, while 
injection of prolactin, which does not produce 
lactation per se, maintained the RCV of non- 
lactating mice, injection of Pred. Ac. and 
1-thyroxine, alone or in combination, into 
nonlactating mice or into polycythemic mice 
did not effect the same change. Injection of 
all 3 hormones concurrently caused no greater 
increase of the RCV of postpartum mice or 
of the erythropoietic response of polycythemic 
mice than did injection of prolactin alone. 
Although 125 pg of Pred. Ac. produced a sig- 
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nificant erythropoietic response in polycy- 
themic mice, this is an extremely high dose 
and normal female mice injected with 125 
pg daily for 15 days had no increase of RCV 
(unpublished). 

The erythropoietic effect of prolactin does 
not require the mediation of the testes(2). 
Estrogens (8) , progesterone and growth hor- 
mone(2) have not been shown to stimulate 
erythropoiesis in the endocrinologically intact 
animal. Of the hormones not investigated, 
erythropoietin (ESF) cannot be excluded as 
a possible cause of the observed erythropoietic 
activity in lactating mice. Since the kidney 
is the major site of ESF production and pro- 
lactin has been shown to increase the glomer- 
ular filtration rate and renal plasma f?ow(9), 
the interrelationship of prolactin and ESF 
production is under investigation. 

The decrease of RCV in nonlactating mice 
was more rapid and greater than could be 
explained by cessation of erythropoiesis alone. 
The associated increase of the splenic weights 
of these mice suggests that sequestration of 
erythrocytes in the spleen and their subse- 
quent destruction early postpartum, may have 
been responsible in part or in whole for 
this rapid decrease of RCV. 

Summary. RCV and plasma erythropoietic 

activity were significantly increased through- 
out lactation in the mouse as compared with 
normal female mice and with nonlactating 
postpartum mice. The RCV decreased and 
plasma erythropoietic activity disappeared 
rapidly in nonlactating mice. Prolactin stim- 
ulated erythropoiesis in postpartum nonlac- 
tating mice and polycythemic mice while 
adrenal steroids and thyroid hormone were 
ineffective. 
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Effect of Sublethal Concentrations of Penicillins on the Lysis of 
Bacteria by Lysozyme and Trypsin. (30573) 

GEORGE H. WARREN AND JANE GRAY 
Research Division, Wyeth  Laboratories, Inc., Radnor, Pa .  

Previous studies from this laboratory( 1-3) 
demonstrated that when strains o f  Staphylo- 
coccus aureus were grown in the presence of 
sublethal concentrations of nafcillin, the nor- 
mally lysozyme-resistant S. aureus was ren- 
dered susceptible to partial lysis by lyso- 
zyme. Subsequently i t  was found that the 
organisms were almost completely lysed if 
trypsin and lysozyme were added successively 
to the cell suspensions(2). The precise rela- 
tionship between the concentrations of naf- 
cillin required to influence lytic response and 
to prevent growth has not been examined in 

detail; however, the results obtained with a 
number of semisynthetic penicillins suggest 
significant quantitative differences between 
the ability of nafcillin and the isoxazole peni- 
cillins to render s. aureus susceptible to en- 
zymic action, Our observation has prompted 
speculation that these antibiotics may in- 
volve somewhat different mechanisms and/or 
primary sites of action on cell wall synthesis 
and that sublethal levels which inhibit syn- 
thesis of the mucopeptide polymer may play 
a role in pathogenesis by rendering the sus- 
ceptible bacteria vulnerable to enzymic lysis. 


